Introduction
============

Acupuncture (AP) is the insertion of needles in specific cutaneous locations of the body, known as acupoints, for the treatment or prevention of several diseases ([@B1]). Although this technique is widely used for the treatment of pain and other conditions, the rational basis underlying its use remains unclear ([@B2]).

Acupoint injection is one of the methods used for AP treatment. It is a good option for AP in large animals as it requires a shorter period of restraint and uses ordinary material like hypodermic needle. Aquapuncture or water puncture is the injection of saline or distillated water into acupoints. The goal is to provide a prolonged mechanical stimulus in the acupoint. Other substances may also be used for this purpose like glucose and vitamins. Autologous blood (hemopuncture) and bee venom (apipuncture) are injected mainly for anti-inflammatory purposes ([@B3]--[@B7]). Recently, pharmacopuncture, i.e. injection of subclinical doses of drugs in acupoints, has been adopted with successful results. Chinese authors claim that this technique enhances the mechanical stimulus period and produces similar effects as conventional doses ([@B8]--[@B10]).

Pharmacopuncture has been a useful tool in veterinary practice. In large animals, it reduces drug undesirable side effects, residues in animal consumption products and treatment costs ([@B11]). A subclinical dose of prostaglandin (0.5 mg of PGF~2~α, 1/10 of the conventional dose) injected in the Bai Hui acupoint was as effective as the conventional dose (5 mg kg^−1^) to produce luteolysis and reduce plasma progesterone concentration in mid-luteal phase mares ([@B11],[@B12]). Similar results were observed with prostaglandin in cows and hCG in mares ([@B11]). A subclinical dose of somatotropin (50 mg) injected in the Bai Hui acupoint in adult cows was equally effective in increasing the weight gain of their 30- to 40-day-old lactating calves as the conventional dose (500 mg) injected intramuscularly ([@B11]). These results are promising for pharmacopuncture as an adjunct to hormonotherapy, reducing adverse effects of large doses of hormones, treatment costs, as well as less exposure of consumers to hormones.

According to Traditional Chinese Medicine, the acupoint *Yin Tang*, also known as Governing Vessel 24 (GV24), has a sedative effect in humans and animals ([@B13],[@B14]). In dogs, a subclinical dose of acepromazine (Acp) (0.01 mg kg^−1^) injected in the *Yin Tang* reduced in 30% the dose of thiopentone necessary to induce loss of the interdigital reflex, against 50% reduction after administration of the conventional dose of Acp (0.1 mg kg^−1^ s.c.). These data suggest an improvement of the sedative effect produced by Acp when administrated at the *Yin Tang* acupoint ([@B11]). The *Ho Hai* acupoint, also named *Chang Qiang* (Governing Vessel 1---GV1), has also a sedative indication. However, GV1 is a lesser used sedation acupoint in humans due to its location, on the midpoint of the line connecting the end of the coccyx and anus, below the end of coccyx. On the other hand, in horses, GV1, located between the anus and tail, is an alternative point to the *Yin Tang* acupoint.

Acp is a phenothiazine tranquilizer commonly used in the equine species. It is regularly used to reduce stress during transportation and for clinical or surgical procedures. In horses, the side effects are protrusion of the penis and cardiorespiratory depression, leading to hypotension which is the main limitation for its use ([@B15],[@B16]).

Few specific reports concerning the sedation effect of AP are available. However, clinical and experimental studies suggest that during AP session a certain degree of sedation and a transitory reduction in heart rate is observed ([@B17],[@B18]). AP clinical observations are limited by methodological considerations such as placebo effects and lack of control groups ([@B1],[@B19],[@B20]). Therefore, research on the use of AP in sedation will bring new perspectives towards investigations and clinical use in this area. To the best of our knowledge, there are no reports about the use of subclinical doses of Acp injected in acupoints to induce sedation in horses.

The aim of this study was to investigate the sedative effect of both aquapuncture (i.e. saline injection, 0.01 ml kg^−1^) and Acp pharmacopuncture (i.e. a subclinical dose of Acp, 0.01 mg kg^−1^) in GV1 acupoint, compared to the conventional dose of a subcutaneous injection of Acp (0.1 mg kg^−1^) for sedation in horses.

Methods
=======

Eight clinically healthy mixed breed horses weighing between 250 and 380 kg and age ranging from 4 to 15 years were used. Horses were maintained unrestrained in a paddock, during the experimental time and were randomly submitted to four different treatment protocols, at 1 week intervals according to a Latin Square double-blind design, as follows:

i.  Negative Control Group (C, *n* = 8): 0.01 ml kg^−1^ subcutaneous saline injection in the cervical region.

ii. Positive Control Group (Acp, *n* = 8): 0.1 mg kg^−1^ of Acp 1% injected subcutaneously in the cervical region.

iii. Aquapuncture Group (Sal-GV1, *n* = 8): 0.01 ml kg^−1^ of saline injected into GV1 acupoint.

iv. Pharmacopuncture Group (1/10Acp-GV1, *n* = 8): 0.01 mg kg^−1^ of Acp injected into GV1 acupoint.

In all cases the volume was 1 ml per 100 kg. Saline solution was used as vehicle where applicable.

The following measurements were performed before and at 30, 60 and 90 min after treatments: heart rate (with a stethoscope), respiratory rate (by observation of the thoracic movements), head height (distance from the floor to the animal\'s muzzle) and degree of sedation. To evaluate the degree of sedation, seven different parameters were graded as '0' (no response), '1' (reduced response) and '2' (normal response). These scores were performed for labial ptosis, palpebral ptosis, response to touching at the coronary region of the hind limb, the ear pinnae and the shoulder with a pen tip and visual (by waving a piece of white cloth in front of the head) and auditory stimuli (by clapping hands beside the animal). The sum of the scores of all the imposed stimuli was used for data analysis.

Statistical analysis was performed using ANOVA for repeated measures to investigate differences in time in each group and between treatments. Statistical significance (\**P* \< 0.01 and ^\#^ *P* \< 0.05) was determined by Newman--Keuls multiple comparison test.

Results
=======

1/10Acp-GV1 Induced 60 min Sedation
-----------------------------------

Sedation was observed both in Acp and 1/10Acp-GV1-treated horses at 30 min when compared with basal values. However, only the 1/10Acp-GV1 group showed sedation at 60 min after treatment, when compared with C ([Fig. 1](#F1){ref-type="fig"}). Signs of sedation were not observed in C and Sal-GV1 when compared with the basal value ([Fig. 2](#F2){ref-type="fig"}). Figure 1.Pharmacopuncture and sedation score in horses. Mean ± SEM of sedation score of horses treated with acepromazine (Acp, 0.1 mg kg^−1^ s.c., *n* = 8), aquapuncture (Sal-GV1, 0.01 ml kg^−1^ of saline in GV1, *n* = 8), pharmacopuncture (1/10 Acp-GV1, 0.01 mg kg^−1^ of Acp in GV1, *n* = 8) or saline (C, 0.01 ml kg^−1^ of saline s.c., *n* = 8). \**P* \< 0.01 and ^\#^*P* \< 0.05 compared with the control group (ANOVA, followed by Newman--Keuls multiple comparison test). Figure 2.Pharmacopuncture and sedation score in horses. Mean ± SEM of sedation score of horses treated with saline (C, 0.01 ml kg^−1^ of saline s.c., *n* = 8), acepromazine (Acp, 0.1 mg kg^−1^ of Acp s.c., *n* = 8), aquapuncture (Sal-GV1, 0.01 ml kg^−1^ of saline in GV1, *n* = 8) or pharmacopuncture (1/10 Acp-GV1, 0.01 mg kg^−1^ of Acp in GV1, *n* = 8). ^\#^*P* \< 0.05 compared with the basal value (ANOVA, followed by Newman--Keuls multiple comparison test).

Only Acp Produced Lower Values of Head Height
---------------------------------------------

Head height was reduced significantly only 30 min after Acp, when compared with C ([Fig. 3](#F3){ref-type="fig"}) and when compared with the basal value ([Fig. 4](#F4){ref-type="fig"}). Figure 3.Pharmacopuncture and head height in horses. Mean ± SEM of head height (cm) of horses treated with acepromazine (Acp, 0.1 mg kg^−1^ of Acp s.c., *n* = 8), aquapuncture (Sal-GV1, 0.01 ml kg^−1^ of saline in GV1, *n* = 8), pharmacopuncture (1/10 Acp-GV1, 0.01 mg kg^−1^ of Acp in GV1, *n* = 8) andsaline (C, 0.01 ml kg^−1^ of saline s.c., *n* = 8). ^\#^*P* \< 0.05 compared with control group (C, *n* = 8) (ANOVA, followed by Newman--Keuls multiple comparison test). Figure 4.Pharmacopuncture and head height in horses. Mean ± SEM of head height (cm) of horses treated with acepromazine (Acp, 0.1 mg kg^−1^ of Acp s.c., *n*=8), aquapuncture (Sal-GV1, 0.01 ml kg^−1^ of saline in GV1, *n* = 8), pharmacopuncture (1/10 Acp-GV1, 0.01 mg kg^−1^ of Acp in GV1, *n* = 8) and saline (C,0.01ml kg^−1^ of saline s.c., *n* = 8). \**P* \< 0.01 and ^\#^ *P* \<0.05 compared with basal values (ANOVA, followed by Newman--Keuls multiple comparison test).

Acp Reduced the Respiratory Rate
--------------------------------

Respiratory rate reduced from 30 to 90 min in Acp group when compared with C ([Fig. 5](#F5){ref-type="fig"}) and when compared with the basal value ([Fig. 6](#F6){ref-type="fig"}). Figure 5.Pharmacopuncture and respiratory rate in horses. Mean ± SEM of respiratory rate (breath min^−1^) of horses treated with acepromazine (Acp, 0.1 mg kg^−1^ of Acp s.c., *n* = 8), aquapuncture (Sal-GV1, 0.01 ml kg^−1^ of saline in GV1, *n* = 8), pharmacopuncture (1/10 Acp-GV1, 0.01 mg kg^−1^ of Acp in GV1, *n* = 8) and saline (C, 0.01 ml kg^−1^ of saline s.c., *n* = 8). ^\#^*P* \< 0.05 compared with control group (C, *n* = 8) (ANOVA, followed by Newman--Keuls multiple comparison test). Figure 6.Pharmacopuncture and respiratory rate in horses. Mean ± SEM of horses treated with acepromazine (Acp, 0.1 mg kg^−1^ of Acp s.c., *n* = 8), aquapuncture (Sal-GV1, 0.01 ml kg^−1^ of saline in GV1, *n* = 8), pharmacopuncture (1/10 Acp-GV1, 0.01 mg kg^−1^ of Acp in GV1, *n* = 8) and saline (C, 0.01 ml kg^−1^ of saline s.c., *n* = 8). \**P* \< 0.01 compared with basal values (ANOVA, followed by Newman--Keuls multiple comparison test).

Heart Rate Did Not Change
-------------------------

The heart rate remained unchanged in all groups (data not shown).

Discussion
==========

Acp produced typical signs of sedation in horses as previously reported ([@B15],[@B16]). Aquapuncture (Sal-GV1) and pharmacopuncture (1/10Acp-GV1) induced signs of sedation 30 min after treatment, confirming the sedative effect of GV1 in horses ([@B21]). Only 1/10Acp-GV1 treatment was able to maintain a certain degree of sedation at 60 min, indicating a long-lasting effect of pharmacopuncture.

As expected, the reduction in respiratory rate was observed in horses treated with 0.1 mg kg^−1^ of Acp s.c., indicating that decreased respiratory rate was produced either by sedation or by a respiratory depression ([@B15],[@B16]). Both aquapuncture (Sal-GV1) and pharmacopuncture (1/10Acp-GV1) produced signs of sedation without respiratory depression. This fact supports the effect of pharmacopuncture to enhance the effect of subclinical doses of drugs, with the advantage of reduction of undesirable side effects.

Head height is an external sign of sedation in horses, and it is used as a clinical parameter for evaluating the effectiveness of a sedative drug. External signs of sedation, showed by the association of reduced head height and sedation score, were observed only in the Acp group. All treated groups showed low sedation scores at 30 min after the onset of the study. Sedation is usually observed in animals by AP practitioners in most clinical cases. Several acupoints may be used for analgesia in surgical procedures and also for sedation ([@B22]--[@B24]). As low sedation scores occurred for the first 30 min in all treated groups and remained low for 60 min only in 1/10Acp-GV1, these results are in agreement with previous findings showing the potentiation effect of subclinical doses of drugs injected in an acupoint, i.e. pharmacopuncture ([@B11]). Previous reports in dogs showed that Acp-pharmacopuncture produced potentiation of thiopentone anaesthesia ([@B11]). These data demonstrate that more investigation is required to determine pharmacopuncture optimal dosage to reduce sedation score and head height as observed in horses treated with Acp.

The animals were randomly submitted to four different treatment protocols, at 1 week intervals according to a Latin Square double-blind design. According to that, any residual effect of Acp would be eliminated by the randomization. It would also be expected that the effect of Acp would be abated after 1 week of treatment ([@B15],[@B16]).

The horses were maintained by the Veterinary School for educational purpose. They were used to the environment and easily handled. This may explain the tendency of reduction in head height and respiratory rate in all groups throughout the experimental time, demonstrating the adaptation to the environment. The uniform values of heart rate observed in the negative control group (C) during the study (data not shown) supports the fact that there were no environmental interferences in the animals\' behavior. Although a transient reduction in heart rate induced by AP or by a somatosensory stimulus in humans and animals have already been documented ([@B23]--[@B26]), this was not the case in the present study.

In conclusion, although the conventional dose of Acp produced the lower head height, 1/10Acp-GV1 produced a longer sedative effect showing that, apparently, both regimens produced similar sedation in horses. The saline injection in GV-1 also produced sedation in horses.

Results indicate the potential application of pharmacopuncture in horses. Further studies could elucidate the best doses, drugs and acupoints to achieve an optimal effect, comparable to the conventional doses of drugs.
